Purpose: Sleep disturbances are a common problem during adolescence. Often there is a relationship with the mental health of the affected person. The existing literature concerning the link between sleep disturbances and aggressive behavior and sleep disturbances and suicidality during adolescence shows no clear results. The present study tested a mediation model to prove the relation between sleep problems, aggressive behavior, and suicidality during adolescence. To take the link between suicidality and depression into account, the amount of depressive symptoms was included into the mediation model. Methods: A sample of 93 adolescents aged 14-18 years (30% male) was studied. A survey was conducted to interview the adolescents about their mental health, sleep-related behaviors, aggressive behavior, and suicidality. Results: Sleep problems and suicidality measures were significantly related to each other. Furthermore, aggressive behavior and suicidality showed a significant relationship. The expected link between sleep problems and aggressive behavior was not significant. For the mediation model, no significant influence of aggressive behavior on the relationship between the amount of sleep problems and suicidality was found. However, the impact of depressive symptoms on the relationship between sleep problems and suicidality was significant. Conclusion: Sleep problems and overall suicidality in adolescents are significantly connected, even after adjusting for several possible influencing factors. Aggressive behavior could not be confirmed as a mediator for the association between sleep problems and suicidality in adolescents. Further studies to examine the link between insomnia symptoms, aggressive behavior, and suicidality in adolescents are necessary.
Introduction
Many processes that are important for human well-being take place during sleep. The whole function of sleep is not entirely clear, but some functions have been verified -for example, its role for information processing, 1 memory consolidation, [2] [3] [4] and learning processes. 5, 6 It is already known that sleep disturbances have negative effects on quality of life and psychosocial functioning. 7, 8 Despite the growing amount of research results for children and adolescents, there is still the need to examine the associations between sleep disturbances and their related consequences for this age group. Various findings already show that sleep problems are quite common in this population and they tend to last for long periods of time. 8, 9 Furthermore, there is a link between sleep disruptions and psychological disturbances. 7, [10] [11] [12] However, the specific link between sleep and aggression during childhood, adolescence, and adulthood has received less attention from research to date. Only a few 
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Zschoche and schlarb studies with specific populations have examined the connection between aggression and sleep in adolescents. Haynes et al 13 examined a sample of 23 (57% male) adolescents aged [13] [14] [15] [16] [17] [18] [19] years who had recently successfully completed substance abuse treatment. The authors' interest was focused on assessing whether aggression was associated with a change in total sleep time during the course of behavioral sleep treatment. Adolescents who reported more aggression ideation also reported less total sleep time and less time in bed than adolescents showing less aggressive actions. 13 When controlling for baseline aggression and frequency of substance abuse, there was still a link between the insufficient amount of sleep and aggressive behavior occurring later in adolescents. The authors concluded that successful sleep-problem treatment could be a crucial element in violence prevention. Furthermore, they stated that inadequate sleep led to a possible predisposition in adolescents for affective and behavioral disinhibition. 13 Another study carried out by Ireland and Culpin 14 assessed a sample of 80 juvenile (14-17-year-old) and 104 young (18-20-year-old) male offenders with regard to their sleeping behavior before and during their time in custody. The researchers examined the link between quantity and quality of sleep with aggression, anger, and impulsivity. They found that increased aggression measures were associated with reduced sleep. These results showed evidence that sleep quality and quantity are predicted by overall aggression measures. There were also hints of differences in sleep behavior before and during imprisonment, with some evidence pointing to poorer sleep during detention. 14 Meijer et al 15 conducted a longitudinal study over a period of 2 years examining the influence of age, sex, time in bed, and sleep quality on different problem behaviors during adolescence. In total, 650 adolescents (50.5% male) between 12 years and 15 years of age participated in the baseline assessment, and 2 years later, 493 adolescents (49.3% male) participated in the last measurement point. The authors' results showed a link between poor sleep quality and overall problem behaviors in adolescents. Furthermore, the combination of less time in bed and low sleep quality at the baseline assessment was conducive to more aggressive behavior in boys. In general, the data showed that delinquent and aggressive behaviors were more likely when time in bed was shorter. 15 The aforementioned studies showed some important points in the research regarding the link between sleep and aggression. Kamphuis et al 16 concluded in their review that successful sleep-problem treatment can reduce aggression during the day. In their opinion, this supports the hypothesis that sleep problems are a risk factor for aggression.
The literature on the association between sleep and suicide or suicidal behavior during adolescence is sparse and exhibits mixed results. [17] [18] [19] [20] [21] [22] [23] Some research results indicate the existence of an association between sleep and completed suicide or suicidal behavior, while one other study found no association after adjusting for demographic variables and depressive symptoms. Vignau et al 21 examined a sample of 744 adolescents and young adults (59% male) aged 15-23 years. In contrast to the group of good sleepers (GP), poor sleepers (PS) showed significantly elevated rates for suicidal ideas (PS 38% versus GS 15%) and suicide attempts (PS 9% versus GS 1%). A large study conducted with 5,423 adolescents (51.2% male) aged 10-17 years was conducted by Roberts et al. 20 They found that adolescents suffering from insomnia had a 3.41 times higher risk of having suicidal ideation compared to adolescents without sleep complaints. This result remained significant after controlling for sex, age, socioeconomic status, and other variables, with an odds ratio of 1.46 supporting the link between insomnia and suicide ideation. 20 The link between completed suicide and sleep disturbances in adolescents was also studied by Goldstein et al. 18 They assessed the data of 140 suicide completers (85% male) aged 13-19 years and 131 matched community controls (70% male). Significantly higher rates of insomnia in the suicide completer group compared to the control group were found. The association between suicide and sleep problems remained significantly elevated, even after controlling for the severity of depressive symptoms. 18 These results support the assumption that there is a link between sleep and suicide in adolescents besides the influence of depressive symptoms. Another study assessed cross-sectional data for 12,154 and 14,782 adolescents in 2007 and 2009, respectively. 17 The authors' results indicated that short and long total sleep durations were associated with an increased risk for suicidality in adolescents for both years, and after adjusting for several confounding variables. 17 Wong et al 23 found that suicidal thoughts at 15-17 years of age were significantly predicted by having trouble sleeping from the ages of 12-14 years. In addition, a longitudinal investigation by Wong et al 22 used data from 6,504 adolescents. The authors were able to reveal that sleep disturbances at the first assessment point significantly predicted suicidality at the second point, 1-2 years later, and at the third assessment point, 5-6 years later, after controlling for depressive symptoms and other possible influencing factors. 22 In contrast to this, the study by Liu 19 
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sleep problems, aggressive behavior, and suicidality with insomnia also reported suicidal ideation. When calculating univariate logistic regression, insomnia and suicidal ideation were significantly related to each other. However, after controlling for demographic variables and depressive symptoms, this relationship did not remain significant. 19 In their review, Liu and Buysse 24 concluded that it is a reasonable hypothesis that sleep disturbances or sleep deprivation are linked to a heightened risk for suicidal behavior during adolescence, even though most of the studies were conducted with special groups of adolescents.
The latest research literature shows that there is a relationship between the amount of depressive symptoms and suicidality in adolescents. Depressive symptoms were found to be a significant predictor of suicide attempts in adolescents. 25 Furthermore, even mild depressive symptoms are associated with heightened suicidal ideation. 26 Therefore, depressive symptoms were included as a possible mediating factor in this study. 25, 26 Bridge et al 27 carried out a detailed literature review on the protective and risk factors for suicide and suicidal behavior in youth, resulting in a developmental-transactional model of youth suicidal behavior. This model of youth suicide takes two different groups of interacting, but still independent, vulnerability factors into account: major psychiatric disorders (mainly mood disorders) on the one hand; and the tendency to aggression (especially impulsive aggression) on the other hand. 27 Therefore, the study at hand focuses on aggression and depression as influencing factors on adolescent suicidal behavior. Based on these results we developed a theoretical model exploring the relationship between sleep problems, aggressive behavior, and suicidality.
In sum, the study at hand was set up as a pilot study and focuses on sleep problems and their relationship with aggression and suicidal tendency in an adolescent sample. Based on previous studies, we hypothesized that 1) there is an existing link between sleep problems and aggressive behavior; 2) there is a link between sleep problems and suicidality; and 3) the amount of aggressive behavior has an impact on the relationship between sleep problems and suicidality in adolescents. Therefore, a mediation model was tested. To control for the possible influence of depression on the relationships inside the mediation model, depression was included as a second mediator.
Methods Procedure
For this online survey, various standardized instruments were utilized. To distribute the study link, regional newspapers and flyers, which were distributed at different schools in Germany, were used. In order to obtain a higher number of participants, a raffle was linked to the survey. Informed consent was given by all participants before answering the questionnaire. Furthermore, the study followed the Declaration of Helsinki.
sample
A total of 98 adolescents between 14 years and 18 years of age (mean =15.97 years; standard deviation =1.3 years) took part in the study. After excluding all participants who did not meet the inclusion criteria, the data of 93 adolescents (30.1% male) were included in the data analysis. Inclusion criteria were met when all questionnaires were filled out.
Measures sociodemographic data
Before asking sleep-, aggression-, and suicide-related questions, general information about age, sex, type of school (intermediate, secondary, etc), height and weight, and other items were collected (19 questions).
sleep measures
Sleep and sleep-related problems were assessed with the Pittsburgh Sleep Quality Index (PSQI). 28 The PSQI gathers data about sleep onset latency, sleep duration, time of waking up and going to bed, and several other items of sleep-related information during the previous 4 weeks. Seven subscales, as well as the global PSQI score, are generated out of the items. The PSQI global score can range between 0 and 21, with higher scores indicating more sleeping problems. A PSQI global score of 6 or higher indicates poor sleep quality and therefore identifies "poor" sleepers. Internal homogeneity was high with Cronbach's α=0.83. 28 Backhaus et al 29 found high overall PSQI test-retest reliability (r=0.87). The subscales "sleep quality" (r=0.53) and "sleep disturbances" (r=0.69) were the only exceptions, with test-retest reliability falling in the middle range.
Aggression measure
To assess aggressive behavior in adolescents, the subscale "aggressive behavior" of the German Questionnaire for Acquiring Empathy, Prosociality, Readiness prosociality, 15 items for aggressive behavior) of the parallel form A of the FEPAA was used. Items on the "prosociality and aggressive behavior" subscale had a dichotomous answering pattern -"true" or "not true". Based on the answers, a sum score ranging between 15 and 30 for the aggressive behavior subscale was calculated, with higher scores indicating more aggressive behavior. Overall reliability of the FEPAA was found to be high with r=0.75.
suicide tendency measures
For the assessment of adolescent suicidal tendency, five questions generated by Paykel et al 31 were
given on a four-point rating scale with responses ranging from 0= "never" to 3= "often". Based on these five questions, a sum score ranging from 0-15 for the Paykel Scale was calculated, with higher values indicating more intense suicidal feelings and therefore higher overall suicidality. The raw scores of the five suicide tendency questions were summed up given the correlations among the scores. Cronbach's alpha for the overall suicidality score was high with α=0.82.
Depression measure
Based on other studies, 17, 18, 20 the "anxiety/depression" subscale of the Youth Self-Report 32 was conducted to control for depression as a confounding variable on the link between sleep problems and suicidality.
Analyses
All statistical analyses were performed with SPSS version 22.0 for Windows, and the mediation model was tested with SPSS AMOS, version 22.0 for Windows.
According to Buysse et al, 28 who reliably distinguished between good (PSQI global score of 0-5) and poor sleepers (PSQI global score of 6 or higher) using the PSQI global score, we grouped our sample. The PSQI scores ranged from 1-18, resulting in a grouping of 47 good and 46 poor sleeping adolescents.
The Shapiro-Wilk test was used to check for a normal distribution in all relevant variables. All variables showed significant deviation from a normal distribution. According to these results, Mann-Whitney U tests were applied to test group differences for aggressive behavior and suicidality measures.
In order to test for a possible effect of aggressive behavior on the link between the amount of sleep problems and suicidality scores, a mediation model was applied. Given the fact that sleep problems are also a symptom of depression and depressed mood, depression was included in the mediation model. Following this approach, it was possible to evaluate depression as a mediator of the link between sleep problems and suicidality, and to control for its influence on the link between sleep problems and suicidality mediated by aggressive behavior. The PSQI sum score was used to assess the influence of the amount of sleep problems. To test the significance of the standardized coefficients, as well as the direct and indirect effects in the mediation model, bootstrapping with 2,000 iterations was applied. To rate the influence of each mediator separately, and to get separate indirect effects, the phantom model approach was applied. 33 The calculated effect sizes were interpreted according to the guidelines proposed by Cohen. 
Results
The median (Mdn), mean, and standard deviation of the PSQI scores for the two groups and the whole sample are depicted in Table 1 .
sleep and aggressive behavior
First, we compared good sleeping adolescents with poor sleeping adolescents. The results showed no significant differences in the amount of aggressive behavior between these two groups (U=1,087.500, not significant; r=0.005) ( Table 2 ).
sleep and suicidality
In a next step, suicidality scores between good and poor sleepers were compared. The Mann-Whitney U test results showed that adolescents in the poor sleeper group (Mdn =5.00) had significantly higher scores on suicidality measures (U=1,554.000; P,0.000; r=0.380) when compared to the adolescents sleeping well (Mdn =2.00), with a medium effect size. Mann-Whitney U tests of the group comparisons in good versus bad sleepers for aggressive behavior and suicidality scores.
sleep, aggressive behavior, and suicidality
Furthermore, based on previous findings, we tested the theoretical model that the relationship between sleep problems and overall suicidality in adolescents is mediated by aggressive behavior and depression. An overview of the unstandardized and standardized coefficients and effects for the full mediation model is given in Table 3 .
regression analyses
First, regression analyses with 2,000 bootstrap iterations for the mediation model were calculated. The amount of sleep problems (SP) showed a significant standardized influence on adolescent suicidality (suicide) (β SP-.suicide =0.192; P=0.021) and the amount of aggressive behavior (aggr) also showed a significant influence on suicidality (β aggr-.suicide =0.175; P=0.012). Furthermore, a high significant effect of depressive symptoms (depr) on adolescent suicidality was found (β depr-.suicide =0.564; P=0.001). Besides these results for the influences on adolescent suicidality, the regression analyses revealed a nonsignificant effect of sleep problems on aggressive behavior (β SP-.aggr =0.036; P=0.702) and a significant effect of sleep problems on depressive symptoms in adolescents (β SP-.depr =0.389, P=0.001).
Mediation effects
The total standardized effect of sleep problems on adolescent suicidality was fairly high and significant (β SP-.suicide =0.418; P=0.001). This result remained significant for the direct effect of sleep problems on suicidality (β SP-.suicide =0.192; P=0.021).
Since aggressive behavior and depression were included in the full mediation model, the indirect effect of sleep problems on suicidality was the total effect of the mediators, aggressive behavior and depression, together. The indirect effect of sleep problems on suicidality in adolescents for the full mediation model was still significant (β SP-.suicide =0.226; P=0.002), which points toward a partial mediation. Almost 50% of the variance in adolescent suicidality can be explained by the full mediation model (R 2 =0.495; P=0.001). The phantom model approach showed that for aggressive behavior, the indirect effect was very small and not statistically significant (β=0.032; P=0.710). 33 The indirect effect of depression was larger and statistically significant (β=0.533; P=0.001). These results present depression as a partial mediator of the relationship between sleep problems and suicidality, whereas aggressive behavior could not be confirmed as a mediator. The results for the complete mediation model with depression and aggressive behavior included as the mediators are shown in Figure 1 .
Discussion
The present study was based on the latest research results and aimed to examine the association between insomnia symptoms, aggressive behavior, and suicidality in adolescents. In particular, the link between sleep problems and aggressive behavior, and sleep problems and suicidality in adolescents was examined. Another point of interest was the relationship between sleep problems, aggressive behavior, and suicidality. A mediation model was applied to examine this link more closely. Depression was included as a second potential mediator to control for its influence on the relationship between sleep problems and suicidality. Contrary to our expectations and the results of other studies, [13] [14] [15] 35 the amount of aggressive behavior did not significantly differ between good and poor sleeping adolescents. However, it is necessary to keep in mind that the results of previous studies on the relationship between sleep problems and aggression/aggressive behavior were based on data from special populations (eg, Haynes et al, 13 and Ireland and Culpin
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). The degree of suicidality in our study was significantly higher in poor sleeping adolescents when compared to good sleeping adolescents. This result was in line with our expectations and the results from the existing research literature. 18, 20, 21 Previous studies assessed different aspects of suicidality. The results are therefore very diverse. Some researchers examined adolescents who committed suicide. 18, 36, 37 Other researchers asked only one question regarding suicide. 21, 38 Nock et al 39 implemented three suicide-related questions concerning suicide ideation, suicide plans, and suicide attempts. A strength of the study at hand is the application of the standardized Paykel Scale as a measure for suicidality. 31 Furthermore, a sum score of the five Paykel questions was used to assess the amount of overall suicidality in adolescents in order to obtain the best possible measure.
A mediation model was applied to test whether aggressive behavior mediates the relationship between sleep problems and suicidality in adolescents. To control for the influence of depression on this relationship, we included depression as a second mediator in the mediation model. The full mediation model with aggressive behavior and depression as mediators was able to explain ∼50% of the variation in suicidality measures. The direct effect of sleep problems on the amount of suicidality was not very high, but it was statistically significant. This result indicates that there is an effect of sleep problems on the amount of suicidality, which is in addition to the influence of aggressive behavior and depression on this relationship. Looking at the indirect effect of the influence of aggressive behavior on the relationship between sleep problems and suicidality, no significant indirect effect was found. Contrary to our expectations, aggressive behavior is not a mediator of the assessed relationship. Conversely, the second indirect effect between sleep problems and suicidality mediated by depression was high and statistically significant. In conclusion, depression can be interpreted as a mediator. Summarizing the mediation model, a partial mediation of the relationship between sleep problems and suicidality was detected, and this was mediated by depression but not by aggressive behavior. Moreover, there is a link between sleep problems and suicidality in adolescents, which is in addition to the influence of depression. These results can be added to the existing research literature.
In particular, the association between sleep problems, aggressive behavior, and suicidality in adolescents received no research attention to date. The links between sleep problems and aggression, [13] [14] [15] sleep problems and suicidality, 16, 20, 37 and aggressive behavior and suicidality 39 already got some, even though sparse, research attention. The present study went a step further and assessed the link between sleep problems, aggressive behavior, and suicidality combined, within a nonspecialized adolescent sample.
limitations
Like other studies, the study at hand has some limitations, too. The analyses of the present study are exclusively based on self-report measures for all of the assessed variables, which can be seen as a methodological restriction. Self-reported aggression measures can be especially critical because, for example, social expectancy can influence the answers given in self-report measures when compared to objective measures. 40 Another methodological limitation is the sample. A sample size of 93 is not critical when the calculations include all of the participants. However, the good sleeper and bad sleeper comparisons used only 47 and 46 participants for the calculations, respectively. Conclusions from the study at hand can therefore only partially be generalized to all adolescents.
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sleep problems, aggressive behavior, and suicidality Furthermore, based on previous studies, in the present study, we only assessed aggressive behavior, which is only one aspect of the construct of aggression. Future studies should take the differences in aggression measures into account when measuring aggression. The focus could be on different aspects of aggression and how they differ with regard to their influence on sleep and sleep problems. Alternatively, future research could focus on one single aspect of aggression and its influence on insomnia symptoms, thus requiring data collection on only one aspect of aggression.
As was discussed previously, subsequent studies need to verify the methodological aspects used in order to assess the association between sleep problems, aggressive behavior, and suicidality more closely. One important step would be the use of different sleep disturbance and aggression measures.
Conclusion
All in all, this study shows that sleep problems are significantly associated with overall suicidality in adolescents, even after adjusting for aggressive behavior and depressive symptoms. Aggressive behavior does not influence the relationship between sleep problems and suicidality, despite its own significant association with overall suicidality. These results show that it is necessary to conduct subsequent studies to further examine and assess the link between sleep problems, aggression, and suicidality. In order to prevent adolescent suicidal behavior or adolescent suicide death, it is essential to implement the assessment of sleep and possible sleep disturbances into general practice and in regularly performed health assessments.
